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(54) Cigarette with a dual-structure filter 

(57) A cigarette with a dual-structure filter (10) 
includes a dual-structure filter (11) having a first filter 
element (13) and a second filter element (14) arranged 
downstream of the first filter element (1 3), a tobacco rod 
(12) arranged upstream of the filter (1 1 ), and a tip paper 
(19) covering a downstream end portion of the tobacco 
rod (12) and a circumferential surface of the filter (11). 
At least one row of a plurality of holes (20) are formed in 
the tip paper (19) in a circumferential direction of the fil- 
ter (1 1). An air-permeation resistance per unit length of 
the second filter element (1 4) is at least twice that of the 
first filter element (13). An air inflow rate from the tip 
paper (19) is at least 20%. 
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5 Description 

The present invention relates to a cigarette with a dual-structure filter and. more particularly, to a cigarette with a 
dual-structure filter, having a high draw resistance and exhibiting a decreased CO/tar ratio in main stream smoke. 

5 With recent changes in the taste of smokers, low-nicotine, low-tar cigarettes are being desired. Accordingly, a plu- 

rality of air holes (ventilation holes or vents) are formed in a so-called tip paper for connecting a tobacco rod and a f ilter 
along the circumferential direction of the filter. When a smoker inhales smoke, air flows into the filter through these holes 
to increase the air inflow rate (also called the fitter ventilation rate) from the tip paper. When the air inflow rate increases, 
the air amount in main stream smoke increases, and the concentrations of nicotine and tar relatively decrease. 

10 When the air inflow rate is increased, however, the suction resistance (product air-permeation resistance) of a cig- 
arette product lowers. This lowers the draw resistance during smoking, so the original taste of the product cannot be 
maintained any longer. 

Presently commercially available cigarettes with filters generally have a tar amount of 1 to 15 mg/cigarette and a 
CO/tar ratio (i.e.. the weight ratio of carbon monoxide (CO) to tar contained in the main stream smoke) of 1 or more. 
15 Cigarettes having a CO/tar ratio of as high as 1 .5 are also marketed. Recently, cigarettes having a CO/tar ratio of less 
than 1 are being desired. 

One method of decreasing the CO/tar ratio is to use a filter having a low tar-filtering efficiency and at the same time 
increase the filter air-permeability. When a fitter having a low tar-filtering efficiency is used, the tar amount in the main 
stream smoke increases to decrease the CO/tar ratio. When the filter air-permeability is increased, the combustion 
20 amount of a cigarette reduces to reduce the tar amount, but the CO/tar ratio does not change substantially. Therefore, 
the combination of the two can decrease the CO/tar ratio while maintaining the tar amount in the main stream smoke 
at a predetermined value. 

Unfortunately, the just-described method also lowers the product air-permeation resistance of a cigarette. 

Particularly, cigarettes having fitter ventilation (i.e., having means, such as ventilation holes formed in a tip paper, 
25 for flowing air from the circumferential surface of a filter) are said to require a product air-permeation resistance of 90 
to 130 mmH 2 0 in order to maintain a good taste. However, the product air-permeation resistance of cigarettes whose 
CO/tar ratio is decreased by the above method does not reach 90 mmH 2 0. This deteriorates the taste of the cigarettes. 

As another method of decreasing the CO/tar ratio. Jpn. Pat. Appln. KOKAI Publication No. 62-175162 has dis- 
closed a filter using a special material such as a plastic film, e.g., a polyethylene film, as a filter element. Also, Jpn. Pat. 
30 Appln. KOKOKU Publication No. 4-16151 has proposed a filter having a special material and a special structure, such 
as a filter having a plastic tubular inside member whose tip is crimped. These filters can lower the CO/tar ratio. However, 
the use of the special materials and structures increases the manufacturing cost and makes the fitters difficult to man- 
ufacture. 

It is, therefore, a first object of the present invention to provide a cigarette with a filter, which can present nicotine 
35 and tar at reduced concentrations in the main stream smoke and yet exhibit a high draw resistance, without using any 
special material or structure. 

It is a second object of the present invention to provide a cigarette with a filter, having a CO/tar ratio of less than 1 
and still having a satisfactory product air-permeation resistance. 

According to the present Invention, there is provided a cigarette with a dual-structure filter, comprising a dual-struc- 
40 ture filter having a first filter element and a second filter element located downstream of the first filter element; a tobacco 
rod arranged upstream of the filter; and a tip paper covering a downstream end portion of the tobacco rod and a sub- 
stantially entire circumferential surface of the filter and having an air inflow means including at least one row of a plural- 
ity of holes (ventilation holes) formed in a circumferential direction of the filter, wherein an air-permeation resistance per 
unit length of the second filter element is at least twice an air-permeation resistance per unit length of the first filter ele- 
45 merit, and an air inflow rate from the tip paper is 20% or more. 

In the present invention, the air inflow rate is preferably 35% or more, and more preferably 60 to 85%. 

Further, in the present invention, the air-permeation resistance per unit length of the second filter element is pref- 
erably 2 to 7 times the air-permeation resistance per unit length of the first filter element. 

Furthermore, in the present invention, the air inflow means preferably has an opening position in a region corre- 
so spending to the first fitter element, and more preferably, in a range of 4 mm from an upstream end to 10 mm from a 
downstream end of the filter. 

In the present invention, a CO/tar ratio of less than 1 and a product air-permeation resistance of 90 to 130 mmH 2 0 
can be achieved more assuredly when the air-permeation resistance per unit length of the second fitter element is 2.5 
to 10 times the air-permeation resistance per unit length of the first fitter element, the air inflow rate from the tip paper 
55 is 20 to 85%, and the air inflow means has an opening position in a range of 4 mm from an upstream end to 10 mm 
from a downstream end of the filter. In this case, it is more preferable that the air-permeation resistance per unit length 
of the second filter element be 3 to 7 times the air-permeation resistance per unit length of the first filter element and/or 
the air inflow rate from the tip paper be 30 to 85%. 
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In the present invention, the f flter may have a length of 1 5 to 40 mm and a circumference of 20 to 27 mm as in the 
case of usual cigarettes. 

This summary of the invention does not necessarily describe all necessary features so that the invention may also 
be a sub-combination of these described features. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a perspective view showing one embodiment of a cigarette with a dual-structure filter according to the 
present invention; 

FIGS. 2A to 2C are schematic perspective views for explaining the opening position of air inflow means in a ciga- 
rette with a dual-structure filter according to the present invention; 

FIG. 3A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in cigarettes as com- 
parative examples; 

FIG. 3B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf in the cigarettes as comparative examples shown in FIG. 3A; 

FIG. 4A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in a plane filter cig- 
arette 1 (PD=88 mmH 2 0) as a comparative example and a dual-structure filter cigarette (PD=97 mmH 2 0, PD ratio 
= 2.8) according to the present invention; 

FIG. 4B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 4A; 

FIG. 5A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in plane filter ciga- 
rette 2 (PD=106 mmH 2 0) as a comparative example and a dual-structure filter cigarette (PD=97 mmH 2 0, PD 
ratio=2.8) according to the present invention; 

FIG. 5B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 5A; 

FIG. 6A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in a plane filter cig- 
arette (PD=80 mmH 2 0) as a comparative example and a dual-structure filter cigarette (PD=71 mmH 2 0, PD ratio = 
2.8) according to the present invention; 

FIG. 6B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 6A; 

FIG. 7A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in a plane filter cig- 
arette (PD=88 mmH 2 0) as a comparative example and a dual -structure filter cigarette (PD=78 mmH 2 0, PD ratio = 
2.8) according to the present invention; 

FIG. 7B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 7A; 

FIG. 8A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in a plane filter cig- 
arette (PD=100 mmH 2 0) as a comparative example and a dual-structure filter cigarette (PD=87 mmH 2 0, PD ratio 
» 2.8) according to the present invention; 

FIG. 8B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 8A; 

FIG. 9A is a graph showing the tar amount per cigarette and the CO/tar ratio as functions of Vf in a plane filter cig- 
arette (PD=1 40 mmH 2 0) as a comparative example and a dual-structure filter cigarette (PD=1 1 5 mmH 2 0, PD ratio 
= 2.8) according to the present invention; 

FIG. 9B is a graph showing the tar amount per cigarette and the product air-permeation resistance as functions of 
Vf (%) in the cigarettes shown in FIG. 9A; 

FIG. 10 is a graph showing the filter air-permeation resistance (open) and the filter tar-filtering efficiency (open) as 
functions of the PD ratio of a dual-structure filter (filter air-permeation resistance (closed)=100 mmH 2 0, Vf=70%); 
FIG. 1 1 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the PD ratio 
of a dual-structure filter (filter air-permeation resistance (closed)=100 mmH 2 0, Vf=70%); 

FIG. 12 is a graph showing the filter air-permeation resistance (open) and the filter tar-filtering efficiency (open) as 
functions of the PD ratio of a dual-structure filter (filter air-permeation resistance (closed)=65 mmH 2 0, Vf = 30%); 
FIG. 13 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the PD ratio 
of a dual-structure filter (filter air-permeation resistance (closed)=65 mmH 2 0, Vf=30%); 

FIG. 14 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the opening 
position in a tip paper; 

FIG. 15 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=80 mmH 2 0, PD ratio=6) of the present invention; 
FIG. 16 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
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* structure fitter (filter air-permeation resistance (dosed)=100 nrmnh^O. PP ratio = 6) of the present invention; 

FIG. 1 7 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (dosed) =65 mmHgCX PD ratio=1 .5) as a comparative example; 
FIG. 18 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 

5 structure filter (filter air-permeation resistance (dosed) =85 mmh^O, PD ratio=1 .5) as a comparative example; 

FIG. 19 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (dosed) =100 mmH 2 0, PD ratio = 1 .5) as a comparative example; 
FIG. 20 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (f flter air-permeation resistance (dosed)=70 mmH 2 0. PD ratio=3) of the present invention; 

10 FIG. 21 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (f flter air-permeation resistance (closed) =80 mmH 2 0, PD ratio=3) of the present invention; 
FIG. 22 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=90 mmH 2 0. PD ratio = 3) of the present invention; 
FIG. 23 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 

15 structure filter (filter air-permeation resistance (closed)=100 mmH 2 0, PD ratio=3) of the present invention; 

FIG. 24 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=l20 mmH 2 0, PD ratio=3) of the present invention; 
FIG. 25 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=70 mmH 2 0, PD ratio = 10) of the present invention; 

20 FIG. 26 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=85 mmH 2 0, PD ratio=10) of the present invention; 
FIG. 27 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of Vf in a dual- 
structure filter (filter air-permeation resistance (closed)=100 mmH 2 0, PD ratio=10) of the present invention; 
FIG. 28 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 

25 permeation resistance (closed) in a dual-structure filter cigarette (Vf=40%, PD ratio=6) of the present invention; 

FIG. 29 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=70%, PD ratio=6) of the present invention; 
FIG. 30 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=55%, PD ratio=1.5) as a comparative exam- 

30 pie; 

FIG. 31 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=70%, PD ratio=1 .5) as a comparative exam- 
ple; 

FIG. 32 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
35 permeation resistance (closed) in a dual-structure filter cigarette (Vf=85%, PD ratio=1 .5) as a comparative exam- 
ple; 

FIG. 33 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=30%, PD ratio=3) of the present invention; 
FIG. 34 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
40 permeation resistance (closed) in a dual-structure filter cigarette (Vf=40%, PD ratio=3) of the present invention; 

FIG. 35 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf =55%, PD ratio=3) of the present invention; 
FIG. 36 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=70%, PD ratio=3) of the present invention; 
45 FIG. 37 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=85%, PD ratio=3) of the present invention; 
FIG. 38 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=30%, PD ratio=10) of the present invention; 
FIG. 39 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
so permeation resistance (closed) in a dual-structure filter cigarette (Vf=55%, PD ratio=10) of the present invention; 

FIG. 40 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (Vf=70%, PD ratio=10) of the present invention; 
FIG. 41 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (tobacco rod CO/tar ratio=0.67, tobacco rod air- 
55 permeation resistance = 68 mmH 2 0, PD ratio = 10) of the present invention; 

FIG. 42 is a graph showing the product air-permeation resistance and the CO/tar ratio as functions of the filter air- 
permeation resistance (closed) in a dual-structure filter cigarette (tobacco rod CO/tar ratio=0.80, tobacco rod air- 
permeation resistance = 35 mmH 2 0. PD ratio = 6) of the present invention; and 
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FIG. 43 is a graph showing the CO/tar ratio and the product air-permeation resistance when the filter length was 
fixed at 25 mm and the length of the second fitter element on the downstream side was changed. 

The present inventors have focused attention on a dual-structure filter to achieve the objects of the present inven- 
5 tion and extensively studied this fitter. As is well known to those skilled in the art, a dual-structure f liter includes a first 
fitter element and a second filter element. The first filter element is on the upstream side in a direction in which the main 
stream smoke flows (to be also simply referred to as "upstream*' in this specification) when the smoke is inhaled. The 
second filter element is on the downstream side in this flowing direction of the main stream smoke (to be also simply 
referred to as "downstream" in this specification). In a cigarette with a conventional dual-structure fitter, the air-perme- 
10 ation resistance per unit length of the second filter element is essentially equal to or lower than that of the first filter ele- 
ment. 

Unexpectedly, however, the present inventors have found that by making the air-permeation resistance per unit 
length of the second fitter element significantly higher than that of the first filter element, it is possible to significantly 
increase the product air-permeation resistance of a cigarette and thereby provide a cigarette having a high draw resist- 

15 ance, even when the air inflow rate from a tip paper in which ventilation holes are formed is increased. The present 
inventors have further made extensive studies on the basis of this knowledge and found that the first object described 
earlier can be achieved by making the air-permeation resistance per unit length of the second filter element at least 
twice that of the first filter element in the dual-structure filter, and also setting an air inflow rate from the tip paper at 20% 
or more. In this way the present inventors have completed the present invention. In particular, the present inventors 

20 have found that it is possible to obtain a CO/tar ratio of less than 1 and a product air-permeation resistance of 90 to 1 30 
mmH 2 0 when the air-permeation resistance per unit length of the second filter element is 2.5 to 10 times that of the first 
fitter element, the air inflow rate from the tip paper is 20 to 85%. and the air inflow meanshas an opening position within 
the range of 4 mm from the upstream end to 10 mm from the downstream end of the fitter. 

The present invention will be described in detail below with reference to the accompanying drawings. 

25 FIG. 1 is a partially exploded perspective view showing one embodiment of a cigarette with a dual-structure fitter 
(to be simply referred to as a cigarette hereinafter) of the present invention, in a substantially cylindrical form as a whole. 
A cigarette 10 shown in FIG. 1 has a filter 1 1 and a tobacco rod 12. The fitter 1 1 and the tobacco rod 12 are connected 
by a tip paper 19. 

The filter 1 1 includes a first filter element 13 and a second filter element 14 located downstream of the first fitter 
30 element 13. 

The first and second filter elements 1 3 and 1 4 are constituted by fibrous materials 1 5 and 1 6 which can be identical 
or different. Examples of the fibrous materials are tows of long fibers such as cellulose acetate, polypropylene, and 
rayon, crushed pulp, linters, and crape-finished yarns. In respect of the flavor and taste of a cigarette, the first and sec- 
ond fitter elements 13 and 14 are preferably made of cellulose acetate fibers or cigarette filter dry nonwoven fabric 

35 described in Jpn. Pat. Appln. KOKOKU Publication No. 44-13788. Briefly, the latter nonwoven fabric can be prepared 
spraying a self-crosslinking copolymer resin of vinyl acetate, acrylic ester and a vinyl monomer having amino, amide, 
methylol and/or carboxlic group (e.g., 2-aminomethyl vinyl ether, 5-aminobenzyl vinyl ether, acrylamide. methacryla- 
mide, N-methylolacrylamide, hydroxymethyl acrylate, itaconic acid, maleic acid) in the form of O/W emulsion or solution 
onto a wet pulp web, preferably in an amount of 5 to 40% by weight of the weight of the web, and drying the web. 

40 It is preferable that the first filter element 13 be made of tows of cellulose acetate fibers having a Y cross-section 
and a filament denier of 5 deniers or more and the second filter element 1 4 be made of tows of cellulose acetate fibers 
having a Y cross-section and a filament denier of 2 deniers or less. This is because such filter elements can be manu- 
factured by the existing facilities. 

In the cigarette shown in FIG. 1, the fibrous materials 15 and 16 of the first and second elements 13 and 14 are 

45 individually covered with wrappers 17 and 18 to form cylindrical plugs, respectively. The wrappers 17 and 18 can be 
made of an air-permeable porous material or a substance having a plurality of holes. For example, the wrappers 1 7 and 
1 8 can be conventional air-permeable wrappers. Such wrappers may usually have an air-permeability of 1 000 to 50000 
mLVcrr^/min/lOO mmH 2 0. However, one of the wrappers 17 and 18 can be air-impermeable. Such air-impermeable 
wrapper is well known in the art. Note that the first and second filter elements 13 and 14 can also be directly wrapped 

so with the tip paper 19 without being wrapped with the wrappers 17 and 18. 

It is preferable that the fibrous materials forming the first and second fitter elements 13 and 14 be essentially uni- 
form in the entire lengthwise direction and over the entire cross-section of the first and second filter elements 13 and 
14. This is because such fitter elements can be readily manufactured by using the existing facilities. 

The first and second fitter elements 13 and 14 can be in contact with each other, or spaced apart from each other 

55 in the lengthwise direction as shown in FIG. 1 . In the latter case, the gap formed between the first and second filter ele- 
ments 13 and 14 can be loaded with activated carbon (not shown). Alternatively, the first fitter element can be added 
with activated carbon. 

In the present invention, the first and second filter elements 13 and 14 individually wrapped with the wrappers 17 
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" and 18, respectively, can further be integrally covered with a second wrapper and connected to each other. This second 
wrapper is made of an air-permeable porous material or a material having holes, and may be an air-permeable wrapper 
identical to the wrapper 1 7 or 18. 

The tobacco rod 12 is arranged upstream of the dual-structure filter 1 1 as described above, contacting the second 

5 filter element 13 in the lengthwise direction of the filter 1 1 . The tobacco rod 12 may be the one used in conventional 
cigarettes. More specifically, the tobacco rod 12 may be formed by wrapping a tobacco material such as shredded 
tobacco with conventional air-permeable paper or wrapper. This air-permeable paper may usually have an air-permea- 
bility of 10 to 200 mL/crr^/min/lOO mml^O. The air-permeation resistance of the tobacco rod, which is a pressure dif- 
ference, PD, when the rod is sucked form its one end at an air flow rate of 17.5 cm 3 /sec without clogging or covering 

w the side (circumference) of the rod, is usually 35 to 100 mmH 2 0. 

The downstream end portion of the tobacco rod 12 and the entire circumferential surface of the filter 11 are 
wrapped with the tip paper 1 9. The material of the tip paper 1 9 is not particularly limited as long as the material is used 
in conventional cigarettes. For example, an air-impermeable tip paper can be utilized. 

The tip paper 19 has an air inflow means comprising at least one row of a plurality of holes (ventilation holes) 20 

75 formed along the circumferential direction of the filter. In the cigarette shown in FIG. 1, these ventilation holes 20 are 
formed in one row along the circumferential direction of the filter 11. However, the air inflow means can also comprise 
a plurality of ventilation holes formed in two or more rows. 

As is well known in the art, the ventilation holes 20 can be formed by either mechanical means or electrical means. 
More specifically, after ventilation holes 20 are mechanically or electrically formed in the tip paper 19, the tip paper 19 

20 is wound around the circumferential surfaces of the filter 1 1 and the downstream end portion of the tobacco rod 1 2 and 
adhered at the end portions. Alternatively, the tip paper 1 9 in which the ventilation holes 20 are not formed yet is wound 
around the circumferential surfaces of the filter 1 1 and the tobacco rod 12 and adhered at the end portions, and then 
ventilation holes 20 are formed by, for example, laser. The air-permeability of the tip paper provided with the ventilation 
holes is usually 100 to 7000 mL/crr^/min/lOO mmH 2 0. 

25 In the cigarette of the present invention, the air-permeation resistance per unit length of the second filter element 
1 4 is at least twice that of the first filter element 1 3. In addition, the air inflow rate from the perforated tip paper 1 9 is 20% 
or more. 

The air-permeation resistance of a filter element is a pressure difference PD (mmH 2 0) in the filter element meas- 
ured when the filter element is sucked from its end at an air flow rate of 1 7.5 cm 3 /sec, with the filter element covered by 

30 an air-impermeable rubber so as to prevent air flowing into the filter element from the side or circumference. The filter 
air-permeation resistance (open) refers to a pressure difference of a filter portion, measured by cutting apart a filter-fit- 
ted cigarette along the contact plane of the tobacco rod and the filter portion, and subjecting the filter portion to suction 
from its end at an air flow rate of 17.5 cm 3 /sec, without clogging the side of the filter portion, and is abbreviated as 
FAPR(open). On the other hand, the filter air-permeation resistance (closed) refers to a pressure difference of the cut- 

35 apart filter portion measured when the filter portion is sucked from its end portion at sin air flow rate of 17.5 cm 3 /sec, 
with the filter portion covered by an air-impermeable rubber so as to prevent air flowing into the filter element from the 
ventilation holes, and is abbreviated as FAPR (closed). 

The air inflow rate or filter ventitation rate (Vf) is the ratio, represented by percentage, of the flow rate of air flowing 
into a cigarette (with a filter) through a tip paper (having an air inflow means) to the flow rate of a gas (a mixture of 

40 smoke and air) at the end of the foot when the cigarette is smoked at a standard air flow rate of 1 7.5 cm 3 /sec. 

When the air-permeation resistance per unit length of the second filter element 14 is set at least twice that of the 
first filter element 13 and the air inflow rate from the perforated tip paper 19 is set at 20% or more according to the 
present invention, a dual-structure filter cigarette having a high draw resistance is provided although the concentrations 
of nicotine and tar in the main stream smoke are decreased (because the air inflow rate is as high as 20% or more). 

45 Cigarettes of the present invention can have a COTtar ratio of less than 1 .0 and a product air-permeation resistance of 
90 to 130 mmH 2 0. 

The product air-permeation resistance is a pressure difference PD (mmH 2 0) when a cigarette is drawn by suction 
at a flow rate of 1 7.5 cm 3 /sec without closing ventilation holes formed in a tip paper of the cigarette, and is abbreviated 
as PAPR. The product air-permeation resistance thus measured with ventilation holes open is sometimes also called a 

so product air-permeation resistance (open) or PAPR (open). 

As is well known in the art, an air-permeation resistance or PD of a filter element may be adjusted by an appropriate 
selection of the fiber diameter and/or filling amount of the fiber materials used. On the other hand, a filter ventilation 
rate, Vf, may be adjusted by an appropriate selection of the size and/or the number of ventilation holes, and/or the 
number of rows of ventilation holes. 

55 In the present invention, the ratio of the air-permeation resistance or PD per unit length of the second filter ele- 
ment/the air-permeation resistance or PD per unit length of the first fitter elemerrt(to be also simply referred to as a filter 
element PD ratio, or more simply as a PD ratio hereinafter) is preferably 2 to 7, and the air inflow rate Vf is preferably 
35% or more, and more preferably, 60 to 85%. In this case, the present invention can significantly increase the product 
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air-permeation resistance (by, e.g., 10 mmJ-^O or more compared to conventional dual-structure f flter cigarettes) while 
maintaining a high air inflow rate in so-called low-tar cigarettes having a tar amount of 1 to 3 mg per cigaretta Conse- 
quently, cigarettes having a low tar amount and a high draw resistance can be provided. However, the present invention 
can significantly increase the product air-permeation resistance by setting the air inflow rate at 35 to 60% not only in 
5 low-tar cigarettes but also in medium-tar cigarettes having a tar amount of 4 to 1 0 mg per cigarette. 

Furthermore, in the present invention, the air inflow means preferably has an opening position in that region of the 
tip paper which corresponds to the first filter element This reason will be described below with reference to FIGS. 2A 
to2C. 

As a model, assume that the filter 1 1 has a filter length of 25 mm. a first filter element 13 having a length of 1 0 mm 
10 and an air-permeation resistance of 25 mmH 2 0. a second filter element having a length of 15 mm and an air-permea- 
tion resistance of 75 mmH 2 0, and a filter element PD ratio of 2.0. The circumference of this filter 1 1 is covered with the 
tip paper 19. 

As shown in FIG. 2A, when the filter 1 1 is drawn from its foot by suction at a fixed flow rate, without forming venti- 
lation holes 20 in the tip paper 1 9, the ratio of air flowing into the filter 1 1 from its upstream end is 1 00%. Consequently, 
15 the FAPR (closed) of the filter 11 is the total of the air-permeation resistances of the first and second filter elements 13 
and 14, i.e., 100 mmH 2 0. 

In FIG. 2B, ventilation holes 20 are formed in a position 10 mm apart from the upstream end of the filter 1 1 , i.e., in 
that portion of the tip paper 19, which corresponds to the connected portion of the first and second filter elements 13 
and 14. When the air inflow rate from the ventilation holes 20 is set at 50% and the filter 1 1 is drawn from its foot by 

20 suction at a fixed flow rate, 50% of the air flowing into the filter 1 1 is through the upstream end of the filter. Consequently, 
the apparent air-permeation resistance of the first filter element 13 decreases to 12.5 mmH 2 0, so the FAPR (open) of 
the filter 1 1 decreases to 87.5 mmH 2 0. 

In FIG. 2C, ventilation holes 20 are formed in a position 5 mm apart from the upstream end of the filter 1 1 , i.e., in 
that portion of the tip paper 1 9, which corresponds to the center in the longitudinal direction of the first filter element 1 3. 

25 When the air inflow rate from the ventilation holes 20 is set at 50% and the filter 1 1 is drawn from its foot by suction at 
a fixed flow rate, 50% of the air flowing into the filter 1 1 is through the upstream end of the filter. In this case, the appar- 
ent air-permeation resistance is 6.25 mmH 2 0 in that portion of the first filter element 1 3 which is upstream of the open- 
ing position. On the other hand, the apparent air-permeation resistance is 12.5 mmH 2 0 in a portion downstream of the 
opening position due to air flowing from the ventilation holes 20. Consequently, the FAPR (open) of the filter 11 

30 becomes 93.75 mmH 2 0. Incidentally, the product air-permeation resistance is the sum of the apparent air-permeation 
resistance of the tobacco rod and the FAPR (open). The apparent air-permeation resistances of the tobacco rods are 
the same for the cigarettes of FIGS. 2B and 2C. Consequently, the results that the FAPR (open) of FIG. 2C is larger 
than that of FIG. 2B can be applied to the product air-permeation resistance. 

As described above, when the opening position of the ventilation holes 20 is set in that portion of the tip paper, 

35 which corresponds to the first filter element, the product air-permeation resistance of the cigarette 10 can be increased 
compared to the case wherein the opening position of the ventilation holes 20 is set in a portion immediately above or 
downstream of the connected portion of the first and second filter elements 13 and 14. 

Note that the opening position is the position, in the lengthwise direction of the filter 1 1 , of the ventilation holes 
formed in the tip paper 1 9. When a plurality of ventilation holes are formed in one row in the circumferential direction as 

40 shown in FIG. 1 , the opening position is the position of the center of the ventilation holes 20. When the air inflow means 
comprises a plurality of rows of ventilation holes 20 are formed, the opening position is the position, in the lengthwise 
direction of the filter 1 1 , of the center of the two ventilation hole rows, that are most remotely apart of the all rows. 

More specifically, it is preferred that the opening position of the ventilation holes 20 of the tip paper 19 be present 
in that region of the tip paper which corresponds to the first filter element 13, and is between 4 mm from the upstream 

45 end and 10 mm from the downstream end (foot end) of the filter 1 1 . If the opening position is less than 4 mm from the 
upstream end of the filter 1 1 , the upstream end and its vicinity of the filter 1 1 cannot be coated with an adhesive for con- 
necting the filter 11 and the tobacco rod 12 when the tip paper 19 in which the ventilation holes 20 are formed is 
adhered to the circumferences of the filter 11 and the tobacco rod 12. This significantly decreases the mechanical 
strength of the cigarette 11. If the opening position is less than 10 mm from the downstream end of the filter 1 1, the 

so effect of increasing the product air-permeation resistance may not be achieved and further the ventilation holes 20 may 
be closed with lips during smoking. 

In the present invention, when the air-permeation resistance per unit length of the second filter element 14 is set at 
2.5 to 10 times that of the first filter element 13. the air inflow rate from the tip paper 19 is set at 20 to 85%, and the air 
inflow means is has an opening position within the range of 4 mm from the upstream end to 10 mm from the down- 

55 stream end as described above, it is possible to more reliably obtain a CO/tar ratio of less than 1 and a product air-per- 
meation resistance of 90 to 130 mmH 2 0. In this case, it is more preferable that the PD ratio of the second filter element 
to the first filter element be 3 to 7 and the air inflow rate Vf be 30 to 85%. 

In the present invention, the first filter element 13 may have an air-permeation resistance of 1 to 4 mm H 2 0/mm 
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Further, in the present invention, the filter 1 1 can have a length of 15 to 40 mm and a circumferential length of 20 
to 27 mm like filters of conventional filter cigarettes. 

As described above, the cigarette of the present invention can simultaneously achieve the two requirements, i.e., 
decreasing the CO/tar ratio to less than 1.0 and maintaining the product air-permeation resistance at 90 mmH 2 0 or 
more, that are generally incompatible with each other. 

Additionally, the cigarette of the present invention does not require any special filter material nor special structure. 
This prevents an increase in the manufacturing cost 

EXAMPLES 

Experiments were conducted to check the effects of the cigarette of the present invention as follows. 
Experiment I 

is Sample cigarettes having lot numbers 1-1 to I-7 shown in Table 1 were manufactured as follows. 

First and second filter elements were obtained by wrapping cellulose acetate tows having filament weights 
(deniers). fiber cross-sectional shapes, and total tow weights (deniers) shown in Table 1 with wrappers having wrapper 
air-permeabilities shown in Table 1 and forming the resultant materials into the shape of a plug, respectively. The 
lengths and air-permeation resistances of the resultant first and second filter elements are shown in Table 1. 

20 These first and second filter elements were arranged upstream and downstream, respectively, along the longitudi- 
nal direction to form filters by wrapping with a second wrapper. The PD ratios of these filters and the permeabilities of 
the second wrappers and air-permeation resistances of the finished filter products are also shown in Table 1. 

Portions of separately prepared tobacco rods and the circumferential surfaces of the filters were covered with aper- 
tured tip papers (width 30 mm) having air-permeabilities, numbers of ventilation hole rows formed by laser, and ZC val- 

25 ues shown in Table 1 . In this manner the sample cigarettes 1-1 to I-7 were obtained. In Table 1 (and Table 2), "ZC is the 
distance from the foot end of the filter to the opening position. 

Note that the characteristics of the sample cigarettes except for the filters and tip papers were based on the regular 
cigarette standards. That is, blended shredded tobacco for cigarettes was used as shredded tobacco, and the filling 
amount of the shredded tobacco was 703 mg per cigarette. Also, a paper having a permeability of 24 mL/cm 2 /min/100 

30 mmH 2 0 was used as the paper for wrapping the tobacco rod. The cigarette dimensions were a tobacco rod length of 
59 mm, a filter length of 25 mm, a cigarette circumferential length of 24.8 mm, and a tip paper width of 30 mm. 

These sample cigarettes 1-1 to I-7 were conditioned at a temperature of 22° C and a humidity of 60% RH for 48 
hours or more. All the conditioned sample cigarettes were measured for their weights, their PAPR (open) and their Vf 
values, using a cigarette quality-measuring device, and the averages of each measured items were calculated. Of the 

35 samples, those satisfying the criteria of the average weight ±10 mg, the average air-permeation resistance ±5 mmH 2 0, 
and the average Vf ±2% were selected and subjected to the experiment. 
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The PAPR, air inflow rate (Vf), nicotine, tar, CO gas delivery amount, and puff number of each of the sample ciga- 
rettes 1-1 to I-7 as described above were measured under standard smoking conditions by using an 8-cigarette smoking 
apparatus available from Fittrona Co. Also, the CO/tar ratio was calculated from the obtained measured values. 

The results are shown in Table 2. 
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55 As is apparent from Table 2, when the air inflow rate ( Vf) was as low as 35% and ZC was 1 4 mm, the sample cig- 
arette I-2 having a PD ratio of 4.1 was increased in the PAPR and decreased in the CO/tar ratio from 0.96 to 0.94 com- 
pared to the sample cigarette 1-1 having a PD ratio of 1 .0. 

Also, when the air inflow rate (Vf) was as high as 75 or 76% and ZC was 14 mm, the sample cigarettes I-5 and I -6 
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having PD ratios of 2.0 and 6.8 were increased in the PAPR and decreased in the CO/tar ratios compared to the sample 
cigarettes I-3 and I-4 having PD ratio of 0.5 and 1 .0. 

Thus, it was confirmed that when the PD ratio is 2.0 or more, i.e., when the air-permeation resistance per unit 
length of the second fitter element is at least twice that of the first filter element it is possible to increase the PAPR and 

5 decrease the CO/tar ratio compared to a case wherein the PD ratio is 1 .0. i.e., the air-permeation resistances per unit 
length of the first and second filter elements are equal or a case wherein the PD ratio is 0.5, i.e., the air-permeation 
resistance per unit length of the first f flter element is twice that of the second filter element. Also, it was found that the 
higher the PD ratio, the larger the increase in the PAPR and the larger the decrease in the CO/tar ratio. 

Comparing the sample cigarettes I-6 and I-7 having essentially equal PD ratios of 6.8 and 6.7 and different ZC val- 

w ues of 1 4 and 1 9 mm reveals that the sample cigarette I-7 in which ZC was larger than the length (1 5 mm) of the second 
filter element, i.e., ventilation holes were formed on the first filter element side increased the PAPR and decreased the 
CO/tar ratio compared to the sample cigarette I-6 in which ZC was smaller than the length (15 mm) of the second filter 
element. 

is Experiment II 

(A) Simulation 

A cigarette with a dual-structure filter capable of obtaining a low CO/tar ratio and maintaining a high product air- 
20 permeation resistance, i.e., capable of achieving a high air-permeation resistance and a low filtering efficiency was 
examined by using simulation. 

To predict the air-permeation resistance and tar-filtering efficiency of a filter, a predicting equation for general dual- 
structure filters can be applied. 

If there is no inflow air from the circumference, the relationship between a flow rate Q (cm 3 /sec) of a fluid flowing 
25 through a filter and an air-permeation resistance AP (cmH 2 0) obeys the Darcy rule (Fordyce. W.B., I. W. Hughes and M. 
G. Ivinson; Tob. Sic. 75, 20-25 (1961)). represented by the following equation (1): 

AP=X • L(Q/A) (1) 

30 where X (cmH 2 0 • sec/cm 2 ) is the impedance coefficient of the filter, L (cm) is the length of the filter, and A (cm 2 ) is the 
cross-sectional area of the filter. 

On the other hand, a tar-filtering efficiency E 0 of a cellulose acetate filter 2.47 cm in circumference and 2.5 cm in 
length is simply described by a DWYER experimental equation (2): 

35 E 0 =1-exp[-AP {0.0111 + (0.371/Q) + 4.54Q (5/3) } ] (2) 

Accordingly, a tar-filtering efficiency E of a filter having a length L is calculated using a logarithmic transmission rule 
by the following equation (3): 

40 E^l-O-Eo)^ 5 (3) 

The dual-structure filter is divided into three regions when the difference between the air-permeation resistances of 
the first and second filter elements and the change in flow rate in the filter caused by the ventilation holes are taken into 
consideration. Letting AP 1p AP 2 and AP 3 , and E 1f E 2 and E 3 be the air-permeation resistances and tar-filtering efficien- 
45 cies in these three regions, an air-permeation resistance AP T and a tar-filtering efficiency E T of the dual-structure filter 
are respectively given by the following equations (4) and (5), respectively: 

AP T =AP 1 + AP 2 + AP 3 (4) 

so Ej-HI-E^I-EaXI-Ea) (5) 

Equations (1) to (5) introduced as above were combined with the combustion characteristics of usual cigarettes to 
predict the PAPR, puff number, tar, nicotine, and CO gas amount. In this simulation, actually measured values were 
given as the FAPR (closed) and the filter ventilation rate (Vf). 



55 



(B) Actual measurements 

Values were actually measured to confirm the applicability of simulation results to cigarettes actually prepared. 
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That is, a dual-structure filter having a PD ratio of 2.8 according to the present invention (prepared in a manner similar 
to Experiment II) and two plain filters 1 and 2 (comparative examples) having different air-permeation resistances were 
prepared as shown in Table 3. A plain fitter is a filter having a single filter element. Cellulose acetate was used as a fiber 
material in filter elements of these filters. These filters were wrapped with four types of apertured tip papers having dif- 
ferent air-permeabilities. The characteristics except for the fitters and the tip papers were based on the regular cigarette 
standards. That is, in this experiment blended shredded tobacco for cigarettes was used as shredded tobacco, and the 
filling amount of the shredded tobacco was 703 mg per cigarette. Also, a paper having a permeability of 24 
mUcnr^/min/lOO mmH 2 0 was used as the paper for wrapping the tobacco rod. The cigarette dimensions were a 
tobacco rod length of 59 mm, a filter length of 25 mm, and a cigarette circumference of 24.8 mm. The dimensions of the 
tip papers were ZC of 14 mm and a width of 30 mm. One, two, or four rows of ventilation holes were formed in these tip 
papers. The air-permeability of each apertured tip paper was 200, 600, or 1 ,200. "ZC M is the distance from the foot end 
of the filter to the opening position. 

These sample cigarettes 11-1 to 11-12 were conditioned at a temperature of 22° C and a humidity of 60% RH for 48 
hours or more. All the conditioned sample cigarettes were measured for their weights, their PAPR (open) and their Vf 
values, using a cigarette quality-measuring device, and the averages of each measured items were calculated. Of the 
samples, those satisfying the criteria of the average weight ±10 mg, the average air-permeation resistance ±5 mmH 2 0, 
and the average Vf ±2% were selected and subjected to the experiment 
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55 The nicotine, tar, CO gas delivery amount, and puff number of each of the sample cigarettes 11-1 to 11-12 as 
described above were measured under standard smoking conditions by using an 8-cigarette smoking apparatus avail- 
able from Filtrona Co. The results are shown in Table 4. 
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Table 4 



5 



10 



20 



Lot Nln 


Filter 


Cigarette Product 




riner 
Type 


Air Par 

Air-rer- 
meation 
Resist- 
ance 
(closed) 
(mm H 2 0) 


Prsv-li ir*4 

rrouUvH 
Air-Per- 
meation 
Resist- 
ance (mm 
H 2 0) 


Y/f f°£\ 


Pi iff 

r UTT 

Number 


Tar 

i ax 
(mg/cig) 


Klir*rtfina 

fMiconne 
(mg/cig) 


(mg/cig) 


p/\ /Tar 

iar 

ratio 


n-1 


Plain 1 


88 


110 


26 


7.9 


9.7 


1.15 


10.8 


1.12 


n-2 






88 


53 


8.4 


6.2 


0.79 


6.2 


1.01 


n-3 






78 


65 


8.8 


4.6 


0.62 


4.3 


0.94 


n-4 






74 


67 


8.7 


4.3 


0.59 


3.9 


0.90 


n-5 


Plain 2 


106 


126 


28 


7.9 


8.4 


0.96 


10.5 


1.25 


n-e 






101 


54 


8.5 


5.1 


0.69 


6.0 


1.16 


n-7 






91 


66 


8.8 


3.4 


0.47 


3.8 


1.12 


n-8 






88 


67 


9.0 


3.2 


0.46 


3.4 


1.07 


n-9 


Dual 


97 


127 


21 


7.6 


10.4 


1.17 


12.0 


1.16 


n-10 






113 


38 


8.1 


8.0 


0.99 


9.0 


1.11 


n-11 






109 


47 


8.3 


6.7 


0.87 


6.8 


1.02 


n-1 2 






104 


53 


8.5 


| 5.9 


0.79 


5.8 


0.98 



30 

FIGS. 3A to 5B were prepared based on the simulation results and using the results shown in Table 4. 

FIG. 3A shows the tar amount per cigarette and the CO/tar ratio as functions of the filter ventilation rate (Vf) (%) in 
cigarettes using plain filters 1 and 2 having different FAPRs (closed) (88 mmH 2 0, 106 mmH 2 0). 

FIG. 3B shows the tar amount per cigarette and the product air-permeation resistance (PAPR (open)) as functions 
35 of the filter ventilation rate (Vf) (%) in cigarettes using plain filters 1 and 2. 

Referring to FIGS. 3A and 3B, the plots indicate actually measured values, and the solid and broken lines indicate 
values calculated by simulation for these cigarettes. 

With reference to FIGS. 3A and 3B, a conventional technique of decreasing the CO/tar ratio while maintaining the 
tar amount will be described below. 
40 A cigarette provided with a plain filter (plain 2 in FIGS. 3A and 3B) whose FAPR is 106 mmH 2 0, and having Vf of 
50% was used as a control. A plain filter is equivalent to a dual-structure filter in which the PD ratio is approximately 1 . 
i.e.. the air-permeation resistances of the first and second filter elements have no significant difference. 

The tar amount in this control was 5.3 mg as indicated by a point a1 in FIG. 3A. The CO/tar ratio of the control was 
1 .18 as indicated by a point a2 in FIG. 3A. The PAPR of the control was 102 mmH 2 0 as indicated by a point a3 in FIG. 
45 3B. 

In a cigarette having a plain filter (plain 1) with an FAPR reduced to 88 mmH 2 0 and with Vf increased to 58.5% in 
order to decrease the CO/tar ratio while maintaining the tar amount by using the conventional technique, the tar amount 
was 5.3 mg as indicated by a point b1 in FIG. 3A. The CO/tar ratio of the cigarette was 0.96 as indicated by a point b2 
in FIG. 3A. The PAPR of the cigarette was 82 mmH 2 0 as indicated by a point b3 in FIG. 3B. 
so That is, it was possible to decrease the CO/tar ratio from 1 . 1 8 to 0.96 while maintaining 5.3 mg of tar by decreasing 
the FAPR (closed) from 106 to 88 mmH 2 0 and increasing Vf from 50% to 58.5%. However, the PAPR that was 102 
mmH 2 0 in the control cigarette largely dropped to 82 mmH 2 0 in the cigarette having plain 1 whose CO/tar ratio was 
decreased by the conventional technique. 

FIG. 4A shows the tar amount per cigarette and the CO/tar ratio as functions of Vf (%) in a cigarette using plain 
55 filter 1 having an FAPR (closed) of 88 mmH 2 0 and a cigarette using a dual-structure filter having an FAPR (closed) of 
97 mmH 2 0 and a PD ratio of 2.8. 

FIG. 4B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in cigarettes using the same filters 
as in FIG. 4A. 
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Referring to FIGS. 4A and 4B, the plots indicate actually measured values, and the solid and broken lines indicate 
values calculated by simulation for these cigarettes. 

With reference to FIGS. 4A and 4B, the effect of the dual-structure filter according to the present invention will be 
described below. 

5 A cigarette with a plain filter (plain 1) whose FAPR is 88 mmH 2 0 and having Vf of 50% was used as a control. 

The tar amount in this control was 6.3 mg as indicated by a point c1 in FIG. 4A. The CO/tar ratio of the control was 
1 .02 as indicated by a point c2 in FIG. 4A. The PAPR of the control was 90 mmh^O as indicated by a point c3 in FIG. 46. 

A cigarette having a dual filter whose FAPR is 97 mmh^O and whose PD ratio is 2.8 and having Vf of 50% was 
used as an errfoodiment of the cigarette of present invention. The tar amount in this dual-filter cigarette according to the 
10 embodiment was 6.3 mg as indicated by a point d1 in FIG. 4A. The CO/tar ratio of the cigarette was 1 .02 as indicated 
by a point d2 in FIG. 4A. The PAPR of the cigarette was 106 mmH 2 0 as indicated by a point d3 in FIG. 4B. 

That is, compared to the control, the dual-structure filter cigarette according to the embodiment could increase the 
PAPR while holding the tar amount and the CO/tar ratio at their respective same values as the control. 

FIG. 5A shows the tar amount per cigarette and the CO/tar ratio as functions of Vf (%) in a cigarette using plain 
is filter 2 having an FAPR (closed) of 106 mmH 2 0 and a cigarette using a dual-structure filter having an FAPR (closed) as 
a whole of 97 mmH 2 0 and a PD ratio of 2.8. 

FIG. 5B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in cigarettes using the same filters 
as in FIG. 5A. 

Referring to FIGS. 5A and 5B, the plots indicate actually measured values, and the solid and broken lines indicate 
20 values calculated by simulation for these cigarettes. 

With reference to FIGS. 5A and 5B, the effect of the dual filter according to the present invention will be described 
below. 

A cigarette having a plain filter (plain 2) whose FAPR of 106 mmH 2 0 and having Vf of 50% was used as a control. 
The tar amount in this control was 5.3 mg as indicated by a point a1 in FIG. 5A. The CO/tar ratio of the control was 
25 1.18 as indicated by a point a2 in FIG. 5A. The PAPR of the control was 102 mmH 2 0 as indicated by a point a3 in FIG. 
5B. 

A cigarette including a dual-structure filter whose FAPR (closed) is 97 mmH 2 0 and whose PD ratio is 2.8 and hav- 
ing Vf of 59% was used as an embodiment of the cigarette of the present invention. The tar amount in this dual-structure 
filter cigarette according to the embodiment was 5.3 mg as indicated by a point e1 in FIG. 5A. The CO/tar ratio of the 
30 cigarette was 0.95 as indicated by a point e2 in FIG. 5A. The PAPR of the cigarette was 102 mmH 2 0 as indicated by a 
point e3 in FIG. 5B. 

That is, compared to the control, the cigarette of the present invention could decrease the CO/tar ratio from 1 .18 to 
0.95 while maintaining a tar amount of 5.3 mg and a PAPR of 102 mmH 2 0. 

As described above, in this experiment the dual -structure filter could decrease the CO/tar ratio while maintaining 
35 the tar amount and the PAPR when the PD ratio was 2.8. i.e., when the air-permeation resistance per unit length of the 
first filter element on the upstream side of the filter was significantly lower than that of the second filter element on the 
foot side. 

Being able to maintain the tar amount means that the tar amount can be maintained within the range of ± 1 mg with 
respect to the tar amount in the control. Also, being able to maintain the product air-permeation resistance means that 
40 the product air-permeation resistance can be maintained within the range of ±10 mmH 2 0 with respect to the product 
air-permeation resistance of the control. 

In the above experiment, a comparison of the actually measured values and the calculated values reveals that the 
filter characteristics prediction using the simulation described earlier was appropriate. 

The present invention can maintain the PAPR as described above, and this has the following implication. That is, 
45 the taste of a cigarette differs from one brand to another, so different brands have different taste images. This taste 
image of each brand is affected not only by the materials of the wrapping paper and filter and the types of flavors and 
tobacco materials but also by the product air-permeation resistance (PAPR). Therefore, to keep the taste images of indi- 
vidual cigarettes unchanged, being able to maintain the PAPR is crucial in cigarettes. 

Whether two conditions (to be referred to as objective conditions hereinafter), i.e., being able to decrease the 
so CO/tar ratio to less than 1 and being able to maintain the PAPR can be simultaneously achieved was checked. 

First, as can be seen from FIG. 3A, for the same Vf, the cigarette using plain filter 1 having a low FAPR (closed) 
has a lower CO/tar ratio than that of the cigarette using plain filter 2 having a high FAPR (closed). However, the PAPR 
of the latter cigarette also lowers as shown in FIG. 3B. That is, when a plain filter is used, the CO/tar ratio can be 
decreased by decreasing the FAPR (closed). However, the flavor and taste unavoidably deteriorate due to a decrease 
55 in the PAPR. As shown in FIG. 3A, in the cigarette using a filter having a low FAPR (closed), the CO/tar ratio can be 
decreased to less than 1 if Vf is 53% or more. If this is the case, however, the PAPR is less than 90 mmH 2 0 as shown 
in FIG. 3B. As already explained, the PAPR is preferably 90 to 130 mmH 2 0 in respect of the flavor and taste. Unfortu- 
nately, the above objective conditions could not be achieved by the method of decreasing the CO/tar ratio by decreasing 
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the FAPR (dosed) of a plain fflter. 

On the other hand, as is apparent from FIGS. 4A, 4B, 5A, and 5B, the cigarettes with a dual-structure filter having 
a PD ratio of 2.8 according to the present invention could decrease the CO/tar ratio to less than 1 and maintain the 
PAPR within the range of 90 to 130 mml-^O when Vf was 53% or more. 
5 Cases wherein the FAPR (closed) of the dual-structure filter according to the present invention was changed will 

be described below. 

FIG. 6A shows the tar amount per cigarette and the CO/tar ratio as functions of Vf (%) in a cigarette using a plain 
filter having an FAPR (closed) of 80 mmh^O and a cigarette using a dual-structure filter having an FAPR (dosed) as a 
whole of 71 mmh^O and a PD ratio of 2.8. 
10 FIG. 6B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in dgarettes using the same filters 
as in FIG. 6A. 

Referring to FIGS. 6A and 6B, the solid and broken lines indicate values calculated by simulation for these dga- 
rettes. 

As shown in FIGS. 6A and 6B, the cigarette using a dual-structure filter having an FAPR (closed) of 71 mmH 2 0 as 
15 a whole and a PD ratio of 2.8 could achieve the objective conditions when Vf was 40% or less. 

FIG. 7A shows the tar amount per dgarette and the CO/tar ratio as functions of Vf (%) in a cigarette using a plain 
filter having an FAPR (closed) of 88 mmH 2 0 and a cigarette using a dual-structure filter having an FAPR (closed) as a 
whole of 78 mmH 2 0 and a PD ratio of 2.8. 

FIG. 7B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in cigarettes using the same filters. 
20 Referring to FIGS. 7A and 7B, the solid and broken lines indicate values calculated by simulation for these dga- 
rettes. 

As shown in FIGS. 7A and 7B, the cigarette using a dual-structure filter having an FAPR (closed) of 78 mmH 2 0 as 
a whole and a PD ratio of 2.8 could achieve the objective conditions when Vf was 35 to 50%. 

FIG. 8A shows the tar amount per dgarette and the CO/tar ratio as functions of Vf (%) in a cigarette using a plain 
25 filter having an FAPR (closed) of 100 mmH 2 0 and a cigarette using a dual-structure filter having an FAPR (dosed) of 
87 mmH 2 0 as a whole and a PD ratio of 2.8. 

FIG. 8B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in dgarettes using the same filters 
as in FIG. 8A. 

Referring to FIGS. 8A and 8B, the solid and broken lines indicate values calculated by simulation for these dga- 
30 rettes. 

As shown in FIGS. 8A and 8B, the cigarette using a dual-structure filter having an FAPR (closed) of 87 mmH 2 0 as 
a whole and a PD ratio of 2.8 could achieve the objective conditions when Vf was 48 to 60%. 

FIG. 9A shows the tar amount per dgarette and the CO/tar ratio as functions of Vf (%) in a cigarette using a plain 
filter having an FAPR (dosed) of 140 mmH 2 0 and a dgarette using a dual-structure filter having an FAPR (dosed) as 
35 a whole of 1 1 5 mmH 2 0 and a PD ratio of 2.8. 

FIG. 9B shows the tar amount per cigarette and the PAPR as functions of Vf (%) in dgarettes using the same filters 
as in FIG. 9A. 

Referring to FIGS. 9A and 9B, the solid and broken lines indicate values calculated by simulation for these dga- 
rettes. 

40 As shown in FIGS. 9A and 9B, the cigarette using a dual-structure filter having an FAPR (dosed) of 1 15 mmH 2 0 
as a whole and a PD ratio of 2.8 could achieve the objective conditions when Vf was 66% or more. 

Simulation was performed in the same manner as above to check the effects that the filter air-permeation resist- 
ance, tar-filtering efficiency, PD ratio, opening position, Vf, and filter element length had on the characteristics such as 
the PAPR and CO/tar ratio of a dgarette. 

45 

(i) Filter element PD ratio 

FIG. 10 is a graph showing the characteristics of a dual-structure filter with ventilation holes not closed, i.e., the 
FAPR (open) and the tar-filtering efficiency (open) of the filter as functions of the PD ratio of the filter. The tar-filtering 
so efficiency (open) is the tar-filtering efficiency when ventilation holes formed in the tip paper are not closed, and is abbre- 
viated as TFE (open). In this case, a FAPR (dosed) was 100 mmH 2 0, a filter length was 25 mm, a first filter element 
length was 12.5 mm. a second filter element length was 12.5 mm, Vf was 70%, ZC was 12.5 mm, a tobacco rod CO/tar 
ratio was 0.60, and a tobacco rod air-permeation resistance was 47 mmH 2 0. A PD ratio of 1 corresponds to a plain fil- 
ter. 

55 As shown in FIG. 10, as the PD ratio was increased, the FAPR (open) increased, and the TFE (open) slightly 
decreased. 

FIG. 1 1 is a graph showing the PAPR and the CO/tar ratio as functions of the PD ratio of a dual-structure filter under 
the same conditions as in FIG. 10. As shown in FIG. 1 1 , under the above conditions the CO/tar ratio was less than 1 .0 
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and the PAPR was 90 to 130 mmh^O when the PD ratio was 2 or more. 

In the case shown in FIG. 10, Vf was changed from 70% to 30%, and the FAPR (closed) was changed from 100 to 
65 mmHgO. The results are shown FIG. 12. 

Similarly, in the case shown in FIG. 1 1, Vf was changed from 70% to 30%, and the FAPR (dosed) was changed 
5 from 100 to 65 mmhfeO. The results are shown in FIG. 13. 

As shown in FIGS. 1 2 and 1 3, the cigarette with a dual-structure filter could achieve the objective conditions when 
the PD ration was 2.5 or more rf Vf was 30% and the FAPR (closed) was 65 mmHgO. 

(ii) Opening position 

10 

FIG. 14 is a graph showing the PAPR and the CO/tar ratio as functions of the opening position in a tip paper. ZC is 
the distance from the foot end of the filter to the opening position. In this case, a fitter length was 25 mm, a FAPR 
(closed) was 90 mmH 2 0, Vf was 70%, a PD ratio was 6, a first filter element length was 1 5 mm, a second fitter element 
length was 10 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco rod air-permeation resistance was 47 mmH 2 0. 

75 For comparison, the results of a plain filter are also shown. 

As shown in FIG. 14, a dual-structure filter in which the opening position was preferable, i.e., ZC was 10 to 21 mm 
or ranged between 4 mm or more from the upstream end of the filter and 10 mm from the foot end of the filter in this 
simulation and the PD ratio was 6 could decrease the CO/tar ratio to less than 1 .0 and increase the PAPR to 90 mml-^O 
or more. The PAPR of this filter was significantly different from that of the plain filter. In particular, the CO/tar ratio could 

20 be decreased as the ZC value was increased. 

(iii) Vf 

The PAPR and the CO/tar ratio as functions of Vf when the FAPR (closed) was 80 and 100 mmH 2 0 were checked. 
25 The results are shown in FIGS. 15 and 16. In these cases, a filter length was 25 mm, ZC was 12.5 mm, a PD ratio was 
6, a first filter element length was 1 2.5 mm, a second filter element length was 12.5 mm, a tobacco rod CO/tar ratio was 
0.60. and a tobacco rod air-permeation resistance was 47 mmH 2 0. For comparison, the results of a plain filter are also 
shown. 

As shown in FIG. 15, when the FAPR (closed) was 80 mmH 2 0 under the above conditions, decreases in the CO/tar 
30 ratio and the PAPR were significantly different from those of the plain filter when Vf was 20% or more. Especially when 
Vf was 35 to 60%, the CO/tar ratio dropped to less than 1 .0. and the product air-permeation resistance was 90 to 130 
mmH 2 0. 

Also, as shown in FIG. 16, when the FAPR (closed) was 100 mmH 2 0 under the above conditions, decreases in the 
CO/tar ratio and the PAPR were significantly different from those of the plain filter when Vf was 20% or more. Especially 
35 when Vf was 60% or more, the CO/tar ratio decreased to less than 1 .0, and the PAPR was 90 to 130 mmH 2 0. 

As comparative examples, the PAPR and the CO/tar ratio as functions of Vf when the FAPR (closed) was 65, 85, 
and 100 mmH 2 0 in a dual-structure filter having a PD ratio of 1.5 were checked. The results are shown in FIGS. 17 to 
19. In these cases, a filter length was 25 mm, ZC was 12.5 mm, a PD ratio was 1 .5, a first filter element length was 12.5 
mm, a second filter element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco rod air-permea- 
40 tion resistance was 47 mmH 2 0. For comparison, the results of a plain filter are also shown. 

As shown in FIGS. 17 to 19, the cigarette with a dual-structure filter having a PD ratio of 1 .5 could not achieve the 
objective conditions regardless of whether the FAPR (closed) was 65 or 85 mmH 2 0. 

Also, the PAPR and the CO/tar ratio as functions of Vf when the FAPR (closed) was 70, 80, 90, and 100 mmH 2 0 
in a dual-structure filter having a PD ratio of 3 were checked. The results are shown in FIGS. 20 to 24. In these cases, 
45 a filter length was 25 mm, ZC was 1 2.5 mm, a PD ratio was 1 .5, a first filter element length was 1 2.5 mm, a second filter 
element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco rod air-permeation resistance was 47 
mmH 2 0. For comparison, the results of a plain filter are also shown. 

As shown in FIGS. 20 to 24, the objective conditions could be achieved within the range of Vf shown in Table 5 
below for each corresponding FAPR (closed). 

50 



Tables 





Filter Air-Permeation 


Vf% 


FIG. 




Resistance (Closed) mm 






55 


H 2 0 








70 


30-40 


20 
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Table 5 (continued) 



Fitter Air-Permeation 
Resistance (Closed) mm 
H2O 


Vf% 


FIG. 


80 


35-52 


21 


90 


50-63 


22 


100 


59-78 


23 j 


120 


71 or more 


24 
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Furthermore, the PAPR and the CO/tar ratio as functions of Vf when the FAPR (closed) was 70. 85, and 100 
mmH 2 0 in a dual-structure filter having a PD ratio of 1 0 were checked. The results are shown in FIGS. 25 to 27. In these 
cases, a filter length was 25 mm, ZC was 1 2.5 mm, a PD ratio was 1 .5, a first filter element length was 1 2.5 mm, a sec- 
ond filter element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco rod air-permeation resist- 
ance was 47 mmH 2 0. For comparison, the results of a plain filter are also shown. 

As shown in FIGS. 25 to 27, the objective conditions could be achieved within the range of Vf shown in Table 6 
below for each corresponding FAPR (closed). 
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Table 6 



Filter Air-Permeation 
Resistance (Closed) mm 
H 2 0 


Vf % 


FIG. 


70 


45 


25 


85 


38-73 


26 


i 100 


56 or more 


27 



(iv) Fitter air-permeation resistance (closed) 

The PAPR and the CO/tar ratio as functions of the FAPR (closed) when Vf was 40% and 70% were checked. The 
35 results are shown in FIGS. 28 and 29. In these cases, a filter length was 25 mm, an opening position was 12.5 mm, a 
PD ratio was 6, a first filter element length was 12.5 mm, a second filter element length was 12.5 mm, a tobacco rod 
CO/tar ratio was 0.60, and a tobacco rod air-permeation resistance was 47 mmH 2 0. For comparison, the results of a 
plain filter are also shown. 

As shown in FIGS. 28 and 29, the CO/tar ratio and the PAPR of the dual-structure filter were significantly different 
40 from those of the plain filter regardless of the FAPR (dosed). 

In particular, when Vf was 40%, the CO/tar ratio dropped to less than 1 .0 and the PAPR was 90 to 130 mmH 2 0 if 
the FAPR was 65 to 80 mmH 2 0. 

Also, when Vf was 70%. the CO/tar ratio was decreased to less than 1 .0 and the PAPR was 90 to 130 mmH 2 0 if 
the FAPR (closed) was 85 to 120 mmH 2 0. 
45 As comparative examples, the PAPR and the CO/tar ratio as functions of the FAPR (closed) when Vf was 55. 70, 
and 85% in a dual-structure filter having a PD ratio of 1 .5 were checked. The results are shown in FIGS. 30 to 32. In 
these cases, a filter length was 25 mm, an opening position was 1 2.5 mm, a PD ratio was 1 .5, a first filter element length 
was 12.5 mm, a second filter element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco rod air- 
permeation resistance was 47 mmH 2 0. For comparison, the results of a plain filter are also shown. 
so As shown in FIGS. 30 to 32, the cigarette with a dual-structure filter having a PD ratio of 1 .5 could not achieve the 
objective conditions regardless of whether Vf was 55, 70, or 85%. 

Also, the PAPR and the CO/tar ratio as functions of the filter air-permeation resistance (closed) when Vf was 30, 
40, 55, 70, and 85% in a dual-structure filter having a PD ratio of 3 were checked. The results are shown in FIGS. 33 to 
37. In these cases, a filter length was 25 mm, an opening position was 1 2.5 mm, a PD ratio was 3, a first filter element 
55 length was 12.5 mm, a second filter element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a tobacco 
rod air-permeation resistance was 47 mmH 2 0. For comparison, the results of a plain filter are also shown. 

As shown in FIGS. 33 to 37, the objective conditions could be achieved within the range of FAPR (closed) shown 
in Table 7 below for each corresponding Vf. 
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Table 7 



10 



Vf % 


Rlter Air-Permeation 
Resistance (Closed) mm 
hfeO 


FIG. 


30 


65-75 


33 j 


40 


70-82 


34 


55 


82-93 


35 


70 


93-116 


36 


85 


107 or more 


37 



Furthermore, the PAPR and the CO/tar ratio as functions of the filter air-permeation resistance (closed) when Vf 
was 30, 55, and 70% in a dual-structure filter having a PD ratio of 10 were checked. The results are shown in FIGS. 38 
to 40. (n these cases, a filter length was 25 mm, an opening position was 12.5 mm, a PD ratio was 10, a first filter ele- 
ment length was 12.5 mm, a second fitter element length was 12.5 mm, a tobacco rod CO/tar ratio was 0.60, and a 
20 tobacco rod air-permeation resistance was 47 mmH 2 0. For comparison, the results of plain filters are also shown. 

As shown in FIGS. 38 to 40, the objective conditions could be achieved within the range of the FAPR (closed) 
shown in Table 8 below for each corresponding Vf. 



Table 8 



Vf% 


Filter Air- Permeation 
Resistance (Closed) mm 
H 2 0 


FIG. 


30 


65-77 


38 


55 


75-88 


39 


70 


82 or more 


40 



35 The relationships between the FAPR (closed) and the PAPR when the tobacco rod CO/tar ratio and the tobacco rod 
air-permeation resistance were changed in cigarettes with dual -structure filters having PD ratios of 10 and 6 were 
checked. The results are shown in FIGS. 41 and 42. In these cases, a filter length was 25 mm, an opening position was 
12.5 mm, a first filter element length was 12.5 mm, and a second filter element length was 12.5 mm. For comparison, 
the results of a plain filter are also shown. 

40 FIG. 41 corresponds to a cigarette obtained by combining a dual -structure filter having a PD ratio of 10 with a 
tobacco rod having a tobacco rod CO/tar ratio of 0.67 and a tobacco rod air-permeation resistance of 68 mmH 2 0, and 
shows the relationship between the FAPR (closed) and the PAPR when Vf was 40%. As shown in FIG. 41 , the objective 
conditions could be achieved when the FAPR (closed) was 55 to 65 mmH 2 0. 

FIG. 42 corresponds to a cigarette obtained by combining a dual-structure filter having a PD ratio of 6 with a 

45 tobacco rod having a tobacco rod CO/tar ratio of 0.80 and a tobacco rod air-permeation resistance of 35 mmH 2 0, and 
shows the relationship between the FAPR (closed) and the PAPR when Vf was 80%. As shown in FIG. 42, the objective 
conditions could be achieved when the FAPR (closed) was 95 to 135 mmH 2 0. 

From the foregoing, when the CO/tar ratio and the air-permeation resistance of a tobacco rod used change, the 
combination of Vf and the filter air-permeation resistance (closed) by which the objective conditions can be achieved 

so also changes. However, if the CO/tar ratio and the air-permeation resistance of a tobacco rod are 0.8 or less and 35 
mmH 2 0 or more, respectively, the dual-structure filter cigarette of the present invention can achieve the objective con- 
ditions. 

(v) Length of filter element 

55 

The CO/tar ratio and the PAPR were checked while the filter length was fixed at 25 mm and the length of the second 
filter element on the downstream side was changed. The results are shown in FIG. 43. In this case, a filter length was 
25 mm, a FAPR (closed) was 100 mmH 2 0, Vf was 70%, ZC was 15 mm, and a PD ratio of 6. For comparison, the 
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results of a plain fOter are also shown. 

As shown in FIG. 43. it was possible to decrease the CO/tar ratio and increase the PAPR compared to the plain 
filter regardless of the length of the second filter element. Therefore, the ratio of the length of the first filter element to 
that of the second filter element is not particularly limited. However, it was possible to minimize the CO/tar ratio and 

5 maximize the PAPR when the ratio was 1:1, i.e.. the lengths were the same. 

In the above description, the first and second f flter elements constituting the dual filter structure are the ones which 
are uniform over the entire length and the cross-section. However, these filter elements can also be the other general 
filter structures such as a channel filter, a double concentric filter, and a constricted filter. That is, the dual-structure filter 
cigarettes of the present invention can achieve similar effects regardless of the type of filters used in the dual structure. 

io In summary, the present invention provides a cigarette capable of containing nicotine and tar at reduced concen- 
trations in main stream smoke and at the same time having a high draw resistance without using any special material 
or structure. Secondly, the present invention provides a cigarette meeting requirements that are generally incompatible 
with each other, i.e., having a CO/tar ratio of less than 1 and also having a satisfactory product air-permeation resist- 
ance. 

15 

Claims 

1 . A cigarette with a dual-structure filter, comprising: 

20 a dual-structure filter having a first filter element and a second filter element arranged downstream of said first 

filter element; 

a tobacco rod arranged upstream of said filter; and 

a tip paper covering a downstream end portion of said tobacco rod and a substantially entire circumferential 
surface of said filter and having air inflow means comprising at least one row of a plurality of holes formed in a 
25 circumferential direction of said filter, 

wherein an air-permeation resistance per unit length of said second filter element is at least twice an air- 
permeation resistance per unit length of said first filter element, and 
an air inflow rate from said tip paper is not less than 20%. 

30 2. The cigarette according to claim 1 , 

characterized in that the air inflow rate is not less than 35%. 

3- The cigarette according to claim 1 or 2, 

characterized in that the air-permeation resistance per unit length of said second filter element is 2 to 7 times the 
35 air-permeation resistance per unit length of said first filter element. 

4. The cigarette according to claim 3, 

characterized in that the air inflow rate from said tip paper is 60 to 85%. 

40 5. The cigarette according to claim 1 , 

characterized in that said air inflow means has an opening position in a region corresponding to said first filter ele- 
ment. 

6. A cigarette according to claim 5, 

45 characterized in that said air inflow means has an opening position in a range of 4 mm from an upstream end to 1 0 
mm from a downstream end of said filter. 

7. The cigarette according to claim 6, 

characterized in that said filter has a length of 15 to 40 mm, and a circumferential length of 20 to 27 mm. 

50 

8. The cigarette according to claim 1 . 

characterized in that the air-permeation resistance per unit length of said second filter element is 2.5 to 10 times 
the air-permeation resistance per unit length of said first filter element, the air inflow rate from said tip paper is 20 
to 85%, and said air inflow means has an opening position in a range of 4 mm from an upstream end to 1 0 mm from 
55 a downstream end of said filter, and wherein said cigarette exhibits a CO/tar ratio of less than 1 , and a product air- 
permeation resistance of 90 to 130 mmH 2 0. 

9. The cigarette according to claim 8, 
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characterized in that the air-permeation resistance per unit length of said second fitter element is 3 to 7 times the 
air-permeation resistance per unit length of said first fitter element 

10. The cigarette according to daim 8. 

characterized in that the air inflow rate from said tip paper is 30 to 85%. 

1 1 . The cigarette according to claim 8. 

characterized in that said fitter has a length of 15 to 40 mm, and a circumferential length of 20 to 27 mm. 
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